3-Substituted salicyloyl chlorides were converted to salicyloyl azides (R = Br, NO 2 ) which underwent thermal rearrangement and intramolecular cyclization to benzoxazolinones. The crystal structures of 7-substituted benz[d]oxazolin-2-ones (R = Br, NH 2 ), intermediate salicyloyl azides and byproducts, i. e. 3-(2-hydroxy-3-nitrophenyl)-8-nitrobenz[e][1,3]oxazine-2,4-dione and 2-hydroxy-N-(2-hydroxy-3-nitrophenyl)-3-nitrobenzamide, have been determined. 7-Aminobenzoxazolinone was obtained by catalytic hydrogenation of the nitro compound as the hemihydrate or in anhydrous form, depending on the temperature of the crystallization.
Introduction
For the synthesis of bifeprunox (Fig. 1) [1], an experimental drug for the treatment of psychic disorders such as schizophrenia, the need for a convenient supply of some benzoxazolinones arose. In particular, we needed suitable procedures for 7-bromo-and 7-aminobenzoxazolinones (and the 7-nitro precursor) as building blocks for 7-piperazinobenzoxazolinones. These compounds are usually accessed by treatment of the respective aminophenols with carbonyldiimidazole [1, 2], phosgene [3] , or urea [4] . However, the aminophenols are not readily available. Therefore, we considered the appropriate salicylic acid derivatives as inexpensive starting materials. The Curtius reaction was envisioned as a pathway towards the title compounds. A published one-pot procedure [5] , however, did not give satisfactory results when applied to 3-nitrosalicylic acid. Hence, we opted for a more conventional step-by-step approach: acyl chlorides were converted to acyl azides which underwent Curtius rearrangement with subsequent ring closure. This endeavor not only provided the desired benzoxazolinones in good yield and purity but also gave us the opportunity to study the intermediate salicyloyl azides in crystalline form. Moreover, the 3-nitro series yielded sev-0932-0776 / 11 / 0500-0479 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com eral unexpected by-products which were also characterized by spectroscopy and X-ray crystallography.
Results and Discussion
The synthesis of the acyl chlorides 2a,b (Scheme 1) was deemed a straightforward venture. 3-Nitrosalicyloyl chloride has been described several times in the literature [6, 7] , e. g. as a precursor of antimycin [8] , whereas the 3-bromosalicyloyl chloride has not yet been reported. Several methods involving phosphorus pentachloride [6] , thionyl chloride [7] , and thionyl chloride in the presence of dimethylformamide (DMF) [8] have been disclosed. However, depending on the conditions, varying amounts of an unknown by-product were observed with the 3-nitro compound. In particular, the amount of DMF added as catalyst was found to be crucial: more DMF caused more byproduct. Inspection of the NMR spectra led us to suspect the 'dimer' 2c. In the literature, salicyl salicylates ('salsalates') have been reported as by-products from other salicyloyl chlorides as dimers, oligomers and polymers, although under more forceful conditions [9] . High-resolution mass spectrometry of the mixture confirmed our assumption. Unfortunately, no single crystals could be obtained due to the hydrolytic lability of this compound. This by-product has not been mentioned by the authors who used DMF as a catalyst [8] . Anyway, the problem could be avoided by not using DMF but, instead, refluxing the acid 1b with thionyl chloride in diethyl ether [7] to give a quantitative yield of 2b. No such by-product was observed with the 3-bromo compound, even after the twentyfold reaction time. In contrast, the DMF-free procedure yielded only oily products when applied to the 3-bromo compound, but a crystalline acid chloride 2a was obtained when a catalytic amount of DMF was used.
The next step necessitated the optimization of the synthesis of the respective salicyloyl azides. Different conditions were tested, such as sodium azide/acetone or trimethylsilyl azide/toluene with or without the presence of catalytic amounts of 4-(dimethylamino)-pyridine (DMAP). However, although the crystalline products were pure, the yields were disappointing. Finally, the system sodium azide/acetone/tetrabutylammonium bromide gave satisfactory yields. To our delight, crude dimer 2c gave the same yield and purity of 3b as obtained from pure acid chloride 2b.
The Curtius rearrangement of salicyloyl azides was conducted with or without prior isolation of the azide. In general, better results were obtained with isolated azides compared to one-pot reactions. As expected, the isocyanates as the primary products of the reaction could not be isolated due to subsequent intramolecular cyclization to the desired title compounds 4a,b. The pure azide 3a was observed to undergo Curtius rearrangement upon heating by thermomicroscopy and differential scanning calorimetry (DSC) after endothermic melting at 79 • C and slow exothermic crystallization between 110 and 130 • C, whereas DSC of azide 3b showed a sharp exothermic conversion at 110 • C (Fig. 2) . However, in solution a temperature of 60 • C was sufficient for the reaction to proceed. Furthermore, we observed that higher yields were obtained when the reaction was carried out in dilute solution, as expected.
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The oxazine 6 was a very minor by-product. However, compound 7 was prepared intentionally in acceptable yield, using a higher concentration of the azide which favored the bimolecular reaction and aqueous workup. To our knowledge, no such by-products of the Curtius reaction have been reported so far. However, these by-products were found only in the nitro series. Notably, while by-products 2c and 6 are due to the presence of the ortho-hydroxy group, the formation of 7 must of course have a different reason. The respective benzamide (identical with an authentic sample [10] ) was in fact also observed in a model reaction of 3-nitrobenzoyl azide [11] with 3-nitrophenyl isocyanate [12] , which corroborates the alleged mechanism. It is evident that formation of 7 is caused by the activating effect of the nitro group. It is noteworthy that the reported alternative synthesis of 7-bromobenzoxazolinone 4a from 7-aminobenzoxazolinone 5 via the diazonium salt [13] gave only a very poor yield. In addition, numerous experiments to prepare the 7-iodo compound via diazonium salts were futile.
Catalytic hydrogenation of 7-nitrobenzoxazolinone 4b was straightforward and afforded 7-aminobenz-[d]oxazolinone 5 in excellent yield [14] . Surprisingly, the 7-amino compound was obtained as the hemihydrate or in an anhydrous form, depending on the temperature of the crystallization. Thermogravimetry and DSC of the hemihydrate crystallized at 0 • C showed the theoretical loss of weight (5.7 %) between 75 and 100 • C. The powder X-ray diffractogram (PXRD) of the bulk material was identical to the one calculated from single crystal data of the hemihydrate. Crystallization at −20 • C, however, gave the anhydrous product.
Fortunately, most of the compounds reported herein gave crystals suitable for X-ray diffraction. Crystal data and refinement details are summarized in Table 1 . Hydrogen bonding parameters are shown in Table 2 . Some crystal structures of benzoyl azides have previ- ously been published [15] , but structures of salicyloyl azides are definitely new. These molecules are almost planar. It is noteworthy that the nitro group in 2-hydroxy-3-nitrobenzoyl azide 3b adopts an in-plane conformation, which is in contrast to the known structure of 2-nitrobenzoyl azide [15] where the nitro group is twisted considerably out of the phenyl plane. The azide groups deviate from linearity with N-N-N angles of 174.4 • (3a) and 173.9 • (3b). The atoms of the azide group are located slightly out of the plane of the phenyl ring (terminal N by 0.28Å in 3a, 0.20Å in 3b). In addition, intramolecular OH··· O=C hydrogen bonding is observed in 3a and 3b (Figs. 3 and 4) . In the bromo compound 4a, intermolecular hydrogen bonds (amide NH··· O=C) are found (Fig. 5) . Interestingly, benzoxazolinones 4a and anhydrous 5 crystallize in non-centrosymmetric space groups. In both cases hydrogen-bonded molecules are arranged along a twofold screw axis in the direction of the crystallographic b axis. In the hemihydrate of 5, one water molecule coordinates to four oxazolinone molecules (Fig. 6) , exhibiting amide NH···OH 2 and OH (water)···amino N hydrogen bonds, whereas anhydrous 5 again shows amide NH··· O=C contacts (Fig. 7) . In crystals of compound 6 the benzoxazinedione and phenyl planes are twisted by 65.5 • , whereas the benzamide molecules 7 are planar. Intramolecular hydrogen bonds between the hydroxy and nitro groups are observed in the crystal structures of 6 and 7 (Figs. 8 and 9 ). In addition, compound 7 displays an intramolecular hydrogen bond between the amide NH and the O atom of the hydroxy group.
Conclusion
The characterization of by-products is of increasing importance in medicinal chemistry. We successfully identified one by-product in the preparation of the acid chloride 2b and two more of the Curtius rearrangement of the azide 3b, all of them in the nitro series. The bromo compounds are obviously less prone to by-product formation. In addition, crystal structures of the intermediate salicyloyl azides 3a,b were determined for the first time.
However, the projected synthesis of 'bifeprunox' met considerable obstacles. The planned HartwigBuchwald coupling of 4a [13] or dialkylation of 5 [1] suffered from very unsatisfactory yields, at best. Therefore, a totally different pathway was chosen, involving a preformed phenylpiperazine scaffold in order to avoid the difficulty in the linking of these rings. These results will be published elsewhere.
Experimental Section
3-Bromosalicylic acid [16] and 3-nitrosalicylic acid [17] were prepared according to known procedures. NMR spectra were recorded using a Bruker AC 300 spectrometer. IR spectra were obtained with a Nicolet 5700 FT spectrometer in ATR mode (w = weak, m = medium, s = strong). DSC and TGA were recorded with Perkin-Elmer DSC 7 and TGA 7 instruments. The X-ray powder diffraction pattern (XRPD) was obtained with a X'Pert PRO diffractometer (PANalytical). High-resolution mass spectra were obtained with a Finnigan MAT 95 spectrometer. Elemental analyses were conducted at the University of Vienna, Austria.
3-Bromo-2-hydroxybenzoyl chloride (2a)
A mixture of 3-bromosalicylic acid 1a (4.3 g, 20 mmol), thionyl chloride (20 mL) and DMF (1 drop) was stirred at room temperature until a clear solution was obtained. Excess thionyl chloride was evaporated, CH 2 Cl 2 (2 mL) was added, and the volatiles were again removed. The residue crystallized on standing at r. 
2-Hydroxy-3-nitrobenzoyl chloride (2b)
Prepared from 3-nitrosalicylic acid 1b (3.7 g, 20 mmol) and thionyl chloride (20 mL) in Et 2 O (40 mL) as previously described [7] . Yield: 4.0 g (98 % 
2-(2-Hydroxy-3-nitrobenzoyloxy)-3-nitrobenzoyl chloride (2c)
A mixture of 3-nitrosalicylic acid 1b (1.0 g, 5.5 mmol), thionyl chloride (5 mL) and DMF (7 drops) was stirred at r. t. for 2 d. Excess thionyl chloride was evaporated, CH 2 Cl 2 (2 mL) was added, and the volatiles were again removed. The crude product mixture crystallized on standing at r. t. 
General procedure for the preparation of compounds 3a,b
A mixture of the respective salicyloyl chloride (10 mmol), sodium azide (0.71 g, 11 mmol), and tetrabutylammonium bromide (0.16 g, 0.5 mmol) in acetone (20 mL) was stirred at r. t. for 24 h. The solvent was removed at 20 • C, and the residue was partitioned between Et 2 O (20 mL for 3a, 150 mL for 3b) and water (20 mL). The organic phase was washed with water (10 mL) and dried with anhydrous MgSO 4 , and the solvent was evaporated at 20 • C. The residue crystallized on standing at r. t.
3-Bromo-2-hydroxybenzoyl azide (3a)
Single crystals were obtained by evaporation of the Et 2 O solution. Yield: 2.0 g (83 %). M. p. 77 -79 • C. -1 H NMR (300 MHz, CDCl 3 ): δ = 6.80 (t, J = 7.9 Hz, 1H), 7.75 (dd,
